BACKGROUND: Adults born preterm have higher levels of cardiometabolic risk factors than their term-born peers. Studies have suggested that at least those born smallest eat less healthily. We examined the association between early (o34 weeks) and late (34-36 weeks) preterm birth and diet and food preferences in adult age. METHODS: Participants of two cohort studies located in Finland completed a validated food frequency questionnaire (FFQ) at the age of 24 years to assess their usual diet and the adherence to healthy eating guidelines by using a recommended diet index (RDI). Overall, 182 were born early preterm, 352 late preterm, and 631 were term-born controls. RESULTS: Young women born early preterm scored 0.77 points (95% confidence interval (CI) 0.03, 1.51) lower in RDI when adjusted for sex, age, parental education, and early-life confounders, indicating a lower quality of diet. There were no differences between young women born late preterm and controls or among men. When food groups were assessed separately, men born early preterm had lower consumption of fruits and berries than controls. CONCLUSIONS: Young women born early preterm have poorer adherence to the healthy eating guidelines than their peers born at term. Differences in diet may contribute to an increased cardiometabolic risk among adults born early preterm.
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Optimizing lifestyle, including dietary intake, is a way to reduce the adverse health effects of preterm birth. There is considerable evidence from experimental animal studies that food preferences are partly programmed already during fetal and early life (10, 11) . Human studies are scarce, but in general the findings are consistent with less healthy adult diet in those exposed to fetal adversity: for instance, severe maternal undernutrition during early gestation increases the preference for fatty foods in adult age (12) and lower birth weight is associated with lower intake of vegetables and fruits (13) . Studies in those born preterm are even fewer but are in line with previously mentioned studies have shown that young adults born preterm with VLBW consume markedly less fruits and berries as well as milk products than term-born peers (14) . Furthermore, a recent study showed that adults born preterm had more unhealthy dietary preferences than those born at term, as assessed by the healthy eating preference index. This difference is driven by reduced appetite for protein-rich foods and wine (wine was considered healthy in that study). In that study, the quality of diet also completely mediates the association between term status and high-density lipoprotein-cholesterol (15) .
We assessed dietary intake by a validated food-frequency questionnaire (FFQ) in a group of young adults born early preterm (o34 weeks of gestational age), late preterm (34 − 36 weeks of gestation), and a term-born comparison group. We examined the associations between preterm birth and macronutrient intake, an overall quality of diet and consumption of specific food items in which differences have been previously found between adults born at VLBW and controls. We hypothesized that young adults born preterm have overall less healthy diet and prefer more palatable foods, i.e., food with more pleasant or agreeable taste, instead of food considered healthy.
METHODS

Participants
The data included 1,165 participants of two Finnish cohort studies, the Ester Preterm Birth Study (7) and the Arvo Ylppö Longitudinal Study (16, 17) . The prenatal data have been reviewed and adult data collected in a harmonized way in these cohorts, which have also previously been used for pooled analysis to assess adult outcomes of preterm birth (17) . In brief, the Ester Preterm Birth study is a cohort study of young adults assessing the effects of preterm birth on earlylife programming of adult health and disease (7) . The original cohort comprised 1,980 individuals born in Northern Finland between 1985 and 1989. Of them, 987 individuals were recruited through Northern Finland Birth Cohort 1986 and the remaining 993 came from the Finnish Medical Birth Register. ESTER participants were assessed in one of the seven outreach clinics in Northern Finland. The participants were sent a letter of invitation. Shortly afterwards they were contacted by phone to give further information. Those who we were not able to contact by at least three attempts were re-invited during the 2-year study period. Similarly, participants who had not refused but those who had no time available during the outreach clinic in their area were re-contacted when the study team visited the same clinic again. In total, 753 individuals agreed to participate. Of those, 149 were born early preterm, 248 late preterm, and 356 were term-born control participants.
The Arvo Ylppö Longitudinal Study (16) is a cohort study of a source population from all deliveries in the seven maternity hospitals in the county of Uusimaa, Finland between 15 March 1985 and 14 March 1986. Of these infants, all those who were admitted to the neonatal wards of the obstetric units or transferred to the Neonatal Intensive Care Unit of the Hospital for Children and Adolescents, University of Helsinki, within 10 days of birth were included in the study (n = 1,535). The control infants (n = 658), born during the same period but not admitted to the neonatal ward, were randomly recruited from the three largest maternity hospitals in the study area. As young adults, cohort members were invited to participate in a clinical follow-up examination, into which 1,136 participated. Similar to a previous study (17) , we included in the present study the 46 participants born early preterm, 129 late preterm, and further 314 term-born participants belonging to the original control group. Flowchart of the study participants is presented as Supplementary Figure S1 online.
Approval for the studies was obtained from the Coordinating Ethics Committee at Helsinki and Uusimaa Hospital District. Informed, written consent was obtained from all participants before any clinical examination took place.
Perinatal Data
Detailed information on maternal pregnancy has been collected from the patient records at the birth hospitals and maternal welfare clinics. According to this prospectively recorded data the gestational age of the participants (determined by ultrasonography n = 721, based on last menstrual period n = 442 and based on clinical decision in birth hospital n = 2) was systematically confirmed when the cohort members were young adults (18) . Participants were classified as born early preterm (o34 full weeks of gestational age), late preterm (34-36 full weeks of gestational age), or at term (≥37 full weeks of gestational age). The diagnoses of maternal gestational diabetes, hypertension, and pre-eclampsia were also independently verified (19, 20) . Birthweight SD score was calculated according to Finnish birth weight standards (21) and "small for gestational age" was defined as birthweight less than 2 SD below the mean for sex and length of gestation.
Clinical Examination and Questionnaires
The participants attended a clinical examination at the mean age of 24.1 years (range 19.9-26.8 years), during which their weight and height were measured and BMI (kg/m 2 ) calculated. Body composition (e.g., weight and body fat percentage) was measured by using segmental multifrequency bioelectrical impedance (InBody 3.0, Biospace, Seoul, Korea). Height (cm) was measured three times with a portable stadiometer, and the mean was calculated. Participants completed questionnaires covering medical history, medications, socioeconomic status (educational attainment of the more educated parent), and lifestyle including information on smoking habits and living at parental home.
Food Frequency Questionnaire
The usual diet was assessed using the semiquantitative validated 131-item food frequency questionnaire (FFQ) (22) . The FFQ was designed to cover the whole diet over the preceding 12 months. The participants were asked to indicate the frequency of consumption of each food item with nine frequency categories ranging from "never or seldom" to "six or more times per day".The portion sizes were fixed separately for women and men, and when possible specified in natural units (e.g., glass, slice). The participants were asked to fill in the questionnaire at the study site, where a trained study nurse reviewed the questionnaire. Total number of forms filled in Ester study was 737 (146 early preterm, 242 late preterm, and 349 controls) and in AYLS was 465 (43 early preterm, 119 late preterm, and 303 controls). From these we excluded incompletely filled forms (e.g., total or partly empty questionnaires or the idea of the FFQ not understood; Ester n = 24 (5 early preterm, 6 late preterm, and 13 controls), AYLS n = 4 (1 late preterm, 3 controls)).
The average daily intakes of energy, macronutrients, and food groups were calculated by the Finnish food composition database, Fineli (National Institute for Health and Welfare) (23). Daily energy intake cutoff points of 0.5% at both ends of the daily energy intake distributions for men and women were excluded (Ester n = 7 (two early preterm, two late preterm, and three controls), AYLS n = 2 (two controls)). After exclusions, the sample size for the present study including participants of the Ester Preterm Birth study and participants with detailed perinatal data available from AYLS study was 1,165, comprising 182 participants born early preterm, 352 late preterm, and 631 term-born controls.
Adherence to recommended diet. To assess the overall quality of the diet, we used the Recommended Finnish Diet Index (RDI) (24) , which is based on the Finnish nutrition recommendations, published in 2005 ( (ref. 25)). The index includes eight components that represent the average daily consumption of fruits, vegetables; rye; ratio of white meat to red and processed meat; ratio of polyunsaturated fatty acids to saturated fatty acids+trans-fatty acids; salt; sucrose; and alcohol. The index score was calculated according to the quartiles of consumption of each component in control group. The overall index was formed by the sum of the points given (0 or 1 for alcohol and from 0 to 3 for other items). The maximum score is 24 when the intake of alcohol is included and 23 when excluded. Higher score indicates healthier diet.
For examining the consumption of specific foods in which differences have been previously found between adults born at VLBW and controls, we used the food groups calculated by combining the information on the consumption of food items.
Statistical Analysis
Statistical analysis was performed by using IBM SPSS Statistics, version 23 . Demographic details were examined by t-test or χ 2 -analyses as appropriate. Relationships between preterm birth and food and nutrient intake in adult age were examined by linear regression analysis. Log transformations (ln [x+1]) were performed for variables assessing the food intake due to non-normal data with zero values included. Therefore, the mean differences in food intake are reported as back-transformed percentages. All regression models included age and recruitment cohort (Model 1). All models assessing intakes of foods as well as RDI and its components also included total energy intake. Model 2 included, in addition to previously mentioned variables, highest parental education, maternal BMI before pregnancy, birthweight SD score, maternal smoking during pregnancy, gestational hypertension, preeclampsia, and gestational diabetes mellitus. Model 3 included, in addition to previous, current characteristics of the participant, BMI, living at parental home, and daily smoking. We rerun the analyses by replacing BMI with (i) body fat percentage and (ii) waist circumference and height. We also assessed the role of birthweight SD score and maternal hypertension during pregnancy as predictors.
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RESULTS
Characteristics of the study participants are presented in Table 1 . Those born preterm were more often twins and born from a preeclamptic pregnancy. In adult life, women born early preterm had a higher body fat percentage when compared with term-born women. Further, those born preterm were living at parental home more often. An interaction between the effects of sex and preterm birth on food and nutrient intake was present in some of the outcome variables including the intake of fruits and vegetables (Po0.001 for both preterm groups) and the intake of meat (Po0.01 for early preterm and Po0.001 for late-preterm groups). Therefore, the results are presented separately for both sexes.
Macronutrient Intakes
The mean intakes of macronutrients in preterm and control participants are presented in Table 1 , and Table 2 shows the adjusted mean differences in macronutrient intakes between these groups. Total energy intake, as well as energy intakes from carbohydrates, fat, and protein, was similar in pretermborn groups and controls. The adjustments for main confounders did not change the results. Energy from alcohol was lower in women born early preterm (Po0.05 in all models) when compared with term-born controls. Men born early preterm also consumed less alcohol when compared with controls, although this difference was not statistically significant. The differences remained similar when adjusted for main confounders.
Adherence to Recommended Diet Table 3 shows the differences in the recommended diet index in preterm-born groups and term-born controls. Young women born early preterm scored 0.77 points (95% CIs 0.03, 1.51) lower in RDI when adjusted for sex, age, parental education, and early-life confounders (model 2), indicating a lower quality of diet. Adjustment for current mediating characteristics (model 3) attenuated the difference. When the alcohol intake was included in the total index, women born early preterm tended to score lower (mean difference − 0.74 (−1.50, 0.02)). We observed no difference in RDI score between women born late preterm and controls or in men born preterm and control men.
When the different components of the RDI were assessed separately (Supplementary Table S1), we found that the ratio of red meat to white meat was higher in women born early preterm when compared with controls. On the other hand, the alcohol consumption was lower in women born early preterm. Men born early preterm consumed less fruits and berries when compared with controls but on the other hand the ratio of red meat to white meat tended to be lower. There were no differences between the late-preterm group and controls, and we observed no differences between pretermborn groups and controls in other RDI components.
Replication of Previous Findings Related to Food Items
We assessed differences in specific food items that have been previously described between adults born at VLBW and controls (data not shown). There was a statistically significant difference in the consumption of fruits and berries between the preterm-born participants and controls so that women born early preterm consumed more and men born early preterm consumed less fruits and berries when compared with respective controls. Among men, this difference survived the adjustments for confounding factors (mean difference − 24.6% (−41.5, − 2.9) in the fully adjusted model). In women the difference of 23.6% (0.6, 51.9; adjusted for sex, age, total energy intake, and parental education) attenuated after additional adjustments for prenatal and current lifestyle factors (mean difference 20.0% (−3.4, 49.2)). We observed no difference between the groups in the intake of vegetables. There was no difference between the groups in the intake of milk products either. Within early-preterm women the intake was slightly higher than controls (mean difference 14.7% (−1.1, 33.1)).
Women born early preterm consumed less fat. This was seen especially in the low-fat margarines but not in the intakes of butter or oil. Within male participants born early preterm consumed more margarines, but the difference was borderline statistically significant (data not shown).
Women and men born early preterm consumed fewer sweets when compared with respective controls. This difference was seen more clearly among men and was present also in late preterm born group. In women the difference was not seen after adjustments for prenatal and current characteristics (data not shown).
Additional Analyses
We re-ran the analyses after excluding the participants born small for gestational age or from multiple pregnancies. After the exclusion of small for gestational age women, the difference in RDI between the early-preterm-born women and controls attenuated. Birthweight SD score predicted the intake of fruits and vegetables in women, such that every 1 SD higher birthweight was associated with decreased intake of fruits and vegetables (−6.2% (−11.5, − 0.6)) when adjusted for age, cohort, and parental education. Adjustments for prenatal and current characteristics attenuated the results. Maternal preeclampsia was independently associated with intake of sweets in adult age, both within men and women. Men exposed to maternal preeclampsia ate 37.0% (1.0, 85.9) more sweets, whereas women exposed to maternal preeclampsia ate − 37.2% (18.0, 52.0) less sweets with full adjustments.
Re-running the main analyses by replacing BMI with (i) body fat percentage (available for 553 men and 589 women) and (ii) waist circumference and height did not affect any of the results.
DISCUSSION
The purpose of this study was to assess the association between preterm birth and food and nutrient intake in young Articles | Matinolli et al.
adult age. We hypothesized that young adults born preterm have an overall less healthy diet and prefer more palatable foods rather than foods considered healthy. We found partial support for this hypothesis. Although there was no difference in macronutrient intake, women born preterm had a 0.25 SD lower RDI than women born at term, when perinatal characteristics including the etiology of preterm birth were accounted for. This indicates poorer adherence to nutritional -tests for categorical variables and independent samples t-tests for continuous variables comparing the preterm born groups and controls). Carbohydrate (E%) Protein (E%)
recommendations. Much of this difference were because of higher ratio of red to white meat. Men born early preterm consumed less fruits and berries, consistent with previous studies (13, 14) , although their overall RDI was similar to men born at term. Interestingly, some differences were opposite among women and men. Women born early preterm had a higher intake of fruits and berries when compared with termborn women and men born early preterm tended to have lower ratio of red meat to white meat in their diets than controls. Against our hypothesis, the overall consumption of more palatable foods, i.e., those rich in sugar or fats did not differ between the groups. If anything, the intake of sweets and fats was rather lower in early-preterm-born men when compared with controls. Neither did we observe any difference in the consumption of milk products between the preterm-born groups and controls. In a study that assessed the food and nutrient intakes by 3-day food records, young adults born preterm at o1,500g ate less fruits and vegetables and used less milk products compared with healthy term-born controls (14) . Corresponding results were reported from a study that assessed the association between birthweight and food and nutrient intake in older age in which lower birthweight was associated with lower intake of fruits and vegetables (13) . These dietary habits are consistently linked with higher risk for cardiovascular diseases (26, 27) , a risk that has been repeatedly found in the preterm-born group when compared with controls (4, 5, 7) . In our study, early-preterm-born men consumed markedly less fruits and berries when compared with control participants, which may further increase their risk for cardiovascular diseases even though there is no difference in the overall healthiness of their diet when compared with term-born controls. As previously reported, young adults born early preterm in Ester cohort have higher body fat percentages, waist circumferences, and blood pressure when compared with term-born peers (7). They also have lower muscular fitness (28) . Diet and exercise are potential ways for reducing the risks these individuals have.
We assessed the adherence to the recommended Finnish diet by using a predefined dietary index. Recent findings have shown that a diet following the Finnish nutrition recommendations helps in preventing overweight and obesity (24) . Although the index used does not take into account all dietary components, it provides a useful tool for assessing the healthiness of diet. We found that young women born early preterm have lower adherence to recommended healthy diet and possibly more unhealthy overall dietary habits. This finding is consistent with a recent study that found that young adults born preterm had less healthy dietary preferences than controls, as assessed by a healthy eating preference index (15) . That study, as well as other recent studies, did not report findings separately in women and men. Sex-specific differences have been reported previously (29) and, as dietary habits often are different between sexes even within age groups and socioeconomic groups (30) , it is reasonable to run the analyses for both sexes separately.
Potential biological mechanisms linking preterm birth to later food intake are unknown, but may be related to changes in peripheral signaling and hypothalamic homeostatic regulation (10) . Animal models have shown that dietary restrictions during pregnancy are associated with decreased leptin and increased ghrelin levels, thus inducing hyperphagia (31) . In human studies the results are still few, but it has been shown that fetal growth restriction alters the hedonic response already at birth (32) and may thus lead to altered food preferences later in life. Understanding these factors might provide opportunities in early prevention of the cardiometabolic risks related to preterm birth.
One of the most consistent findings in studies concerning the young adult health and lifestyle of those born preterm is that they consume less alcohol when compared with termborn peers (33) (34) (35) . Our findings are in line with these studies. Alcohol consumption has a major impact on overall health (36) , and thus the lower intake of alcohol in preterm born adults may protect them from otherwise increased health risks, including less healthy diet. The main strengths of this study include a relatively large early and late preterm and control groups recruited from geographically defined catchment areas. The study design has enabled us to assess the food and nutrient intake across the full range of preterm birth. However, as the population of the study is drawn from population, there is always a chance of findings arising by chance. We have been able to take in account a wide range of confounding factors, although the risk of residual confounding still remains a possibility. As previously reported (37) , those born preterm live at their parents' home longer, which may improve their dietary choices. This was adjusted for in the analyses.
A possible limitation of our study is participation bias. Previously published non-participant analyses have not raised such concern though (7, 17) . The study designs of the original cohorts differ; thus, the proportions of preterm and termborn participants varies. To take this difference into account, all analyses were adjusted for the recruitment cohort. To assess the average food intake we used a widely validated measure, which is practical in data collection and easy for participants to complete. Although diet records are more accurate in assessing the food consumed, FFQ provides a more useful tool for assessing the long-term diet as the dayto-day variation in nutrient intake is large. It should be noted, however, that we used a self-applied form that can bring along bias due to misreporting. Our forms were checked by a trained study nurse, and missing items and clear errors in reporting were corrected. The intakes of sweets and alcohol are prone to under-reporting, whereas the intakes of fruits and vegetables are often over-reported. In order to take account of this, we adjusted the analyses for total energy intake. It has been shown that maternal diet and childhood diet/dietary habits have a role in programming of dietary preferences. Unfortunately, we were not able to assess these factors in the current study.
In conclusion, the total energy intake, as well as energy intakes from carbohydrates, fat, and protein was similar in preterm-born groups and controls. However, we found that young women born early preterm have slightly less healthy diet when compared with term-born peers. Men born early preterm also showed unhealthier intake of some food items. Differences in diet may in part contribute to increased cardiometabolic risk among adults born early preterm.
